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Abstract
The structure of the capacity for production of roof structures for residential multi-storey buildings was identified and evaluated. 
A model was devised, the further research and formalization of which will allow us to evaluate and optimize complex 
organizational and technological solutions (OTS) for the production of these construction products. A variety of system approach 
methods and correlation analysis were used to analyze the structure of the capacity. An experiment was performed as a 
questionnaire survey of experts. The questionnaire consisted of two tables: the first demanded the expert to rank 10 identified 
parameters depending on the degree of influence on the construction activities for each of the criteria. The second table compares 
pairwise expert criteria in analogy with the method of T. Saaty. Processing the results of the experiment contributed to the final 
structure of the model. Also the authors have set the weight coefficients of the model parameters to each criterion. The first steps 
were taken towards the formalization of the model - a general mathematical law was set for the formation of the study object. It
was proposed to shift from the qualitative characteristics of parameters to mathematical representation through the fuzzy sets 
theory.
© 2016 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of the organizing committee of the XXV Polish – Russian – Slovak Seminar “Theoretical 
Foundation of Civil Engineering”.
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1. 1Introduction 
The potential effectiveness of the organizational and technological and managerial decisions (OTMD) building of 
the object [1] is a comprehensive term used to describe the state of the construction site and its possible further 
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development based on the adopted organizational and technological solutions. OTMD allows the building project to 
be considered as the unity of individual organizational and managerial factors interacting with each other, with a 
certain degree of influence on the final result. At the heart of this property is a fundamental concept - the system. 
OTMD is the result of presenting the construction site as a complex system, which has a structure, laws, 
communications and development. 
Like any complex system, the OTMD of the building object has a layered structure, at the top of which lies an 
integrated capacity building of the project and on the next level of which - a subsystem, unit integrated capacities: of 
the construction site, the environmental load [2], the construction company [3], the design decisions [4], the 
production process. Each subsystem upon further decomposition is broken down into components. In particular the 
subsystem of organizational and technological solutions (OTS) of the manufacturing process of the construction of 
the object includes a separate OTS for the manufacture of construction products: bearing, enclosing, roof structures, 
surface finishing [5], engineering networks, etc.
Currently, an evaluation is underway to explore the potential of the building object for which different methods 
of system analysis and multi-criteria optimization are used [6, 7]. In the course of research on the formalization of 
the integral building object, single integrated potential environmental load, the construction site, the efficiency of the 
construction company and the safety of building production [8] were investigated. This article is devoted to the 
study of a single integral OTS for the production of roofing fir residential multi-storey buildings, which is yet 
another step on the path to structural and parametric synthesis of the capacity effectiveness OTMD of the 
construction site. 
2. Formation of the structure 
In order to solve the problem posed, we distinguish the structure of the object. In Table 1, at the top of the 
hierarchical tree - the potential of the construction roofing production. 
With the help of decomposition on the first detailed level, we get a subsystem - relatively independent parts with 
the properties and laws of the system.
At the second level, we highlighted the main criteria used to assess the proper functioning of the obtained result. 
The presence of several criteria for evaluating leads to the emergence of multilateral research of the object and the 
presentation of the system becomes closer to the real process.
On the basis of morphological analysis of the systems, will identify the most complete list of parameters of the 
subsystem of CIW and set them to the third level of the hierarchy. The study of the cumulative impact of these 
components on the summit of the system is the aim of the study.
The scope of work, the duration of construction, the cost of the project which define the parameters during the 
management and organization of the production process of any construction products on the market economy. The 
quality of the building is the most important criterion, which is responsible for the reliability and durability of the 
construction products, for the safety and comfort of its customers, its final cost and hence the profitability of the 
project [9]. Also, along with efficiency, it is the main criterion for the acceptance of the executed works. 
Table 1. The structure of the organizational and technological capacity to produce roofing.
First level
(Subsystems)
Second level
(Criteria)
Third level
(Parameters)
CIW
Design works
Project 
management
Scope of work
Time
Cost
Safety
Flexibility
Resource conservation
Quality
Climatic conditions
Information technology
Storage of materials
Construction supervision
Qualification of workers and engineers
The amount of material resources
The willingness field of operations
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The quality of the material resources
Submission of materials
Number of workers
The safety of the construction process takes a special place. The approach to the assessment of the organization 
and technology of any construction products is not possible without this criterion [10]. Violation of safety, including 
fire, among the largest losses on all criteria leads to irreparable consequences - human casualties. The flexibility of 
the construction process determines its universality and ability to adapt to random variations. An actual property in 
terms of instability and probabilistic nature of both external and internal conditions of construction. Resource 
conservation - an important criterion of the production process that determines its optimization [11]. This principle 
contributes to the development of the construction industry, improves its technology and organization and creates 
new materials and mechanisms.
Duration, cost and quality of construction works are primarily concerned with the quantity and quality of labor 
resources [12]. The professionalism of everyone involved in this building, starting with the roofer and ending with 
the project manager, promotes the increment of capacity for all the criteria. A similar effect is produced by 
increasing the number of links in the chain of quality control [13]. Proof of the latter is the definition of the 
emergence of systems - as the number of levels increases the degree of system integrity also increases. So you can 
imagine quality control as an additive measure of a certain system and participants in building control (from state 
supervision to the team leader) are positioned at appropriate levels in the system in terms of how they affect it. 
Information technology of the production includes on the one hand - storage, transmission and processing of 
information, on the other - the design, regulatory, executive, statutory and licensing documents [14]. The level of 
application of information technology in the production of the works is an important indicator of any construction 
project [15]. Material resources in construction affect the cost, quality and safety of the production process. The 
quantity and quality of building materials, tools and equipment must comply with the project and promote 
sustainable production of works. The interaction of the evaluated system with the external environment is provided 
through the climatic conditions option. Climatic conditions directly affect the performance, quality and cost of 
construction [16]. The readiness of the field of operations reflects the organizational and technological linking of 
diverse construction processes in real time, directly affecting the duration of the construction and its cost.
3. Creation of the model
The resulting system has weak links - lower levels of the elements are subject to a number of components of the 
upper. In the course of the structural-functional analysis the options for "Storage", "Feed" and "The readiness of the 
field of operations" were excluded. The processing of the experiment results of expert survey [17] has confirmed the 
decisions taken by excluding optional parameters such as "Quality" and "Quantity of material resources." The 
experiment includes the selection of an expert group in which 60 persons from various fields of construction and a 
questionnaire survey of experts. The questionnaire consisted of two tables: the first demanded the expert to rank 10 
identified parameters depending on the degree of influence on the construction activities for each of the criteria. The 
second table compares pairwise expert criteria in analogy with the method of T. Saaty [18]. Based on established 
correlations the following criteria were combined: "Volume", "Time" and "Cost of sales" in one form of -
"Efficiency". At this stage of the research the system takes the following form (Figure 1).
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Figure 1. Model for the organizational and technological potential manufacture of roof structures
To formalize the resulting system we will use modeling techniques of factorial systems and multi-criteria 
optimization. Let there be the following function , characterizing a change in the system-factor the 
objective function of the studied system can be represented as (1), where – a set of indicators that 
affect the achievement of the optimality criterion. 
(1)
The indices , combined in the system, lose their independence and part of their properties, but 
acquire new ones in the system under consideration - the integrity of the pattern (emergence). A partial solution to 
this problem is the introduction of weighting coefficients that characterize the extent of influence of each component 
on the achievement of results in the light of the criteria adopted. Let wi - the weight coefficient, corresponding to the 
i-indices and suppose that the relationship between the indices is linear, then function (1) has the following form (2) 
where Prc – a single integrated organizational and technological potential for roofing (Potential Roof Constructions).
(2)
These weight coefficients were determined by means of a questionnaire survey of experts. Table 2 shows the 
results of the processing parameters for ranking results degree of influence on each criterion.
Table 2. The weight coefficients of model parameters 
With the gradual formalization of the system, the uniform mathematical representation of the indicators qi,
bearing a variety of qualitative characteristics of the object of study become an issue. The solution is to use the 
1 2{ , ,..., }nq q q
1 2( , ,..., )ny f q q q=
1 2{ , ,..., }nq q q
1 1 2 2
1
...
n
rc i i n n
i
P w q w q w q w q
=
= = + + +∑
Climatic 
conditions
Information 
technology
Construction 
supervision
Qualification 
of workers 
and engineers
Number 
of 
workers
Efficiency 0,15 0,19 0,19 0,29 0,18
Safety 0,21 0,15 0,22 0,27 0,15
Flexibility 0,16 0,22 0,19 0,26 0,17
Resource 
conservation
0,18 0,21 0,19 0,25 0,17
Quality 0,14 0,17 0,26 0,28 0,15
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fuzzy sets theory [19] to represent the model parameters. Each parameter is a linguistic variable [20], consisting of 
three terms: "low", "satisfactory" and "high". Term of each parameter corresponds to a certain set of characteristics 
(Table 3, 4).
Table 3. Construction supervision
Qualitative characteristics Term name
Workers + foreman + construction supervisor low
Workers + foreman + construction supervisor + technical inspection satisfactory
Workers + foreman + construction supervisor + technical inspection + 
design supervision + state supervision
high
Table 4. Information technology
ve characteristics Term name
Design and regulatory documentation low
Design and regulatory documents, work revues, accounting, briefings, executive and 
statutory documentation
satisfactory
Design and regulatory documents, work revues, accounting, briefings, executive and 
statutory records, routings for construction processes, photo-control, application of 
information technologies for the processing, storage and transmission of information 
(electronic document)
high
In a real situation during construction, analyzing a variety of factors set, the expert may to choose different 
termsunder the same conditions, and to determine the various degrees of matching them. This opportunity he gets 
through the membership function ȝ(x). For example, when evaluating the parameter Construction supervision the 
expert can fix not only the number of links in the chain construction supervision on construction site, but also to 
analyze the capacity of the fulfillment by each of them of their duties. The fuzzy setstheory allows it under the same 
conditions set the parameter Construction supervision "low" or "satisfactory", "satisfactory" or "high" level to a 
certain predetermined membership function (Figure 2).
Figure 2. Variation of parameter “Construction supervision”
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We have introduced a conditional numerical scale parameter changes from "0" to "100", then the terms of a 
linguistic variable Construction supervision can be represented in the form of fuzzy sets: “low” – (1|0; 0,5|25; 0|50), 
“satisfactory” – (0|0; 0,5|25; 1|50; 0,5|75; 0|100) and “high” – (0|50; 0,5|75; 1|100).
4. ɋRQFOXVLRQ
The next stage of the formalization of the system is finding the weight coefficients of evaluation criteria of the 
construction process. Next, you need to identify the nature of the system, install the interaction of the components 
with each other to determine the result of a combination. Further study of the system is to determine membership 
functions for each model parameter, combining the components in a fuzzy model, the formation of the model blocks 
“Fuzzification”, “Inference” and “Defuzzification”. 
In this study, we designated the structure and model of production capacity of roof structures for residential 
multi-storey buildings, determined its place in the general model building construction object. We set out the value 
of each element of the system and with the help of mathematical modeling derived basic laws of interaction of 
components of the system under study. An analysis of the structure of the system was performed and the first 
conclusions from the processing of the experimental results were obtained, which contributed to the refinement of 
the model. The conclusion shows the transition from abstract descriptions of various indicators of quality 
characteristics to their uniform mathematical representation. This paper laid the stepping stones for the future 
scientific work devoted to the optimization of the organization of roof structure production, as well as contributes to 
the formation of overall capacity of OTMD of building projects as a whole.
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